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Sumoylation is a process of  
post-translational modification  
of proteins in which small  
ubiquitin-related modifiers  
(SUMOs) are conjugated to  
targeted proteins, altering their  
stability, function, and area of  
accumulation within the cell.  The  
SUMO family of proteins is highly  
conserved among eukaryotic  
organisms,  as sumoylation serves 
functions essential for the viability 
of the organism.  More than 50  
sumoylation substrates have  been 
identified; these substrates  
participate in numerous cellular 
processes including DNA repair,  
transcription, signal transduction, nuclear transport, and regulation of the cell cycle (Li et al., 2012; Johnson 2004). 
Three types of enzymes participate in the chain of events that results in sumoylation of substrates.  In a process 
requiring the hydrolysis of ATP, an E1 activating enzyme binds to and chemically activates the C terminus of a SUMO.  
The activated SUMO is then transferred to Ubc9, a SUMO E2 conjugating enzyme.  An E3 ligase subsequently brings 
together the E2 conjugating enzyme and an appropriate substrate protein, conjugating the SUMO to the substrate.  
E3 ligases may also play a role in chemically activating the E2 conjugating enzyme.  Both E2 conjugating enzymes 
and E3 ligases participate in identifying the particular substrate that is to be conjugated (Li et al., 2012; Johnson 
2004).   
Several different families of SUMO E3 ligase have been identified thus far; one particular group is called the “protein 
inhibitor of activated STAT” (PIAS) family.  SIZ1 is a member of this PIAS family of E3 ligases (Johnson 2004). 
 
ABSTRACT 
 
SIZ1 is a member of the PIAS family of proteins.  One of this enzyme’s functions is to act as an 
E3 ligase, conjugating small ubiquitin-related modifiers (SUMOs) to various substrate 
proteins as part of the process called sumoylation (Cheong et al., 2009).  Sumoylation alters 
the chemical conformation and function of substrate proteins, affecting their interactions 
with other cellular constituents and their resultant physiological roles.  At the molecular level, 
sumoylation affects myriad biochemical processes, ranging from DNA repair and regulation 
of the cell cycle to signal transduction, nuclear transport, and modulation of transcription 
factor activity.  Constitutive overexpression of the SIZ1 gene in transgenic creeping bentgrass 
(Agrostis stolonifera L.) has been demonstrated to result in more robust growth and higher 
levels of photosynthetic activity than are seen in non-transformed controls; heightened SIZ1 
expression also results in increased levels of adaptive response to stressors including 
elevated ambient temperatures, drought conditions, and phosphate deprivation (Li et al., 
2012).  With the current experiment, Agrobacterium tumefaciens is being utilized to 
transform soy (Glycine max) with an additional copy of the endogenous SIZ1 gene; the aim is 
to develop improved soy cultivars whose elevated expression of SIZ1 will result in increased 
resilience under such stress conditions as are increasingly experienced during the cultivation 
of this economically important plant. 
  
Background 
Soy is an economically important crop that contributes significantly to the human food supply 
through its provision of complete protein, low-glycemic-index starch, vegetable oil, fiber, and 
physiologically beneficial macromolecules such as isoflavones and genistein (Levetin and 
McMahon, 2007).  Soy also provides inputs for industrial products, bio-diesel, and animal 
fodder.  The cultivation of this valuable crop faces mounting challenges, including soil 
salinization, soil nutrient depletion, and global climate change.  Agrobacterium-mediated 
plant transformation can be utilized to generate new cultivars that may grow resiliently under 
sub-optimal conditions.  In transgenic creeping bentgrass (Agrostis stolonifera L.), constitutive 
overexpression of the SIZ1 gene has been demonstrated to increase photosynthesis and 
biomass, as well as to improve adaptive responses to increased temperatures, water 
deprivation, and phosphate starvation (Li et al., 2012).  The current study aims to transform 
soy with an additional copy of the G. max SIZ1 gene (GmSIZ1), with the intent of developing a 
transgenic line that will constitutively overexpress this gene.  This work may lead to improved 
cultivars that generate increased yield under the types of variable growth conditions that are 
likely to be seen with increasing frequency in the future. 
Sumoylation Pathway 
 
Progress toward Plant Regeneration 
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Future Directions 
-Regenerate full-grown plants through use of appropriate media and tissue 
culture techniques. 
-Conduct Southern blot to verify incorporation of GmSIZ1 transgene into 
genome of regenerated plants 
-Collect seed; grow T1 progeny 
-Conduct Southern blot for T1 generation 
-Conduct leaf-painting test using hygromycin B to verify expression of hptII 
gene 
-Grow both transgenic and control plants under conditions of water 
deprivation, increased ambient temperature, phosphate starvation, etc.; 
compare adaptive responses 
 
 
 
 
 
 
 
 
 
 
 
Wild-type vs. OsSIZ1-expressing creeping bentgrass root  
development in response to water deprivation 
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RESEARCH METHODS 
In order to develop soy cultivars that constitutively overexpress the GmSIZ1 
gene, sterile Glycine max cultivar Williams 82 seeds were first germinated for 
five days.  Their hypocotyls were removed, the cotyledons were separated, and 
the explants were subjected to wounding in the region of the cotyledonary 
node.  Wounded explants were cocultivated for five days with 
EHA105 Agrobacterium tumefaciens harboring the pHL662 construct (provided 
by Dr. Hong Luo, Department of Genetics and Biochemistry, Clemson University).  
This construct’s T-DNA contains a GmSIZ1 expression cassette, along with the 
hptII gene, which provides resistance against the antibiotic hygromycin B.  
Outside of the T-DNA’s borders are genes that allow for the selection of 
transgenic Agrobacterium using the antibiotics kanamycin and rifampicin.  
Following cocultivation, explants were transferred to shoot induction (SI) 
medium with no selection for two weeks, followed by SI medium containing 
hygromycin B for an additional two weeks, and then shoot elongation (SE) 
medium with hygromycin B selection for 2-8 weeks.   
